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Background: Active-ﬁxation screw-in leads are associated with initially high thresholds.
However, pacing thresholds have been shown to improve within several minutes after screw-
in. The aim of this study is to investigate the long-term stability of rapidly improved pacing
thresholds following the implantation of active-ﬁxation screw-in leads.
Methods: We performed a prospective observational study on 68 consecutive patients, who
were referred for an initial pacemaker or implantable cardioverter deﬁbrillator implantation.
Pacing thresholds, sensing amplitudes, and lead impedances were measured immediately after
screw-in. If the initial pacing threshold was higher than 2.0 volts, lead reposition was
performed. If the initial pacing threshold was lower than 1.0 volts, the lead position was
considered adequate. If the initial pacing threshold was slightly high, i.e., between 1.0 and 2.0
volts, all parameters were measured again 5 minutes after screw-in without lead repositioning,
and 1 week, 1 month, 6 months, and 1 year after the procedure.
Results: Fifty-three atrial leads and 59 ventricular leads were implanted using active-
ﬁxation screw-in leads. The initial pacing threshold was slightly high, i.e., between 1.0 and
2.0 volts in 16 (30%) atrial leads and 28 (47%) ventricular leads. Pacing thresholds
signiﬁcantly improved after 5 minutes in both atrial and ventricular leads as follows:
1:5 0:2 to 0:9 0:3 volts (p < 0:05) in atrial leads and 1:5 0:3 to 0:9 0:3 volts
(p < 0:05) in ventricular leads. These improved pacing thresholds remained stable during the
ﬁrst year and were 0:8 0:3 volts in atrial leads and 0:8 0:2 volts in ventricular leads after
the initial year. P- and R-wave amplitudes did not change signiﬁcantly during the follow-up.
Lead impedances decreased 1 week after the procedure and remained stable in both atrial and
ventricular leads.
Conclusions: Slightly high pacing thresholds using active-ﬁxation screw-in leads improved
rapidly and remained stable in the long term. An acute pacing threshold of <2:0 volts
immediately after screw-in may change to an acceptable value without lead repositioning.
(J Arrhythmia 2010; 26: 244–249)
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Introduction
In recent times, indications for the use of pace-
makers and implantable cardioverter deﬁbrillators
(ICDs) have broadened, leading to a considerable
rise in the number of pacemakers and ICDs being
implanted worldwide. At the initial implantation of a
pacemaker or ICD, it is important to obtain a low
pacing threshold and adequate amplitudes of P- and
R-waves. Using active-ﬁxation screw-in leads, pac-
ing thresholds have been shown to improve within
several minutes, though it is slightly high just after
screw-in ﬁxation. Acute decline in pacing thresholds
using active-ﬁxation screw-in leads has been pre-
viously reported.1,2) However, it is not clear whether
such acute improvements of pacing thresholds
remain stable during the long-term follow-up period.
The aim of this study is to investigate the long-term
stability of rapidly improved pacing thresholds in
active-ﬁxation screw-in leads during the 1 year
period after implantation.
Methods
We performed a prospective observational study
on consecutive patients referred for pacemaker and
ICD implantation using active-ﬁxation screw-in
leads. Sixty-eight patients (44 males and 24 females)
were included in this study. The mean age of the
patients was 71 10 years (range 47 to 93 years).
The indications for pacemaker or ICD implantation
are given in Table 1: sick sinus syndrome in 33
patients (49%), atrioventricular block in 21 patients
(31%), atrial ﬁbrillation with bradycardia in 9
patients (13%), and ventricular tachycardia in 5
patients (7%). The active-ﬁxation screw-in leads
implanted were Boston Scientiﬁc model 4472 and
4473 (Boston Scientiﬁc, Minneapolis, MN, USA)
using atrial pacing in 53 patients, and Boston
Scientiﬁc model 4471 using ventricular pacing in
59 patients. All leads implanted have the same
structure incorporating an electrically insulated
nickel-cobalt alloy screw-tip with polyethylene
glycol capsule coating, titanium ring electrode tip
with oxidized iridium coating, and a platinum-
iridium sleeve. The diﬀerences among the leads
were length and insulation material of bodies,
polyurethane (4471) or silicone rubber (4472,
4473). Three experienced operators performed the
procedures under local anesthesia. The cephalic vein
was selected for venous access, and, if needed, a
subclavian vein puncture was also performed. In
each implantation, we attempted to ﬁx the lead at the
right atrial septum for right atrial lead and the right
ventricular mid-septum for right ventricular lead as
the ﬁrst choice. Alternative lead positions, including
the right atrial appendage or free wall for right atrial
leads and the right ventricular apex (low-septum) or
outﬂow tract (high-septum) for right ventricular
leads, were chosen only if acceptable sensing
amplitudes could not be achieved at the sites of the
ﬁrst choice. After lead ﬁxation, pacing thresholds
were measured in volts at a pulse width of 0.4ms.
If the initial pacing threshold was higher than 2.0
volts, lead repositioning was performed and all
parameters were measured again. If the initial pacing
threshold was lower than 1.0 volts, the lead position
was considered adequate. If the initial pacing
threshold was slightly high, i.e., between 1.0 and
2.0 volts, all parameters were measured again 5
minutes after screw-in without lead repositioning.
Intra operative measurements were performed using
a pacing system analyzer (Biotronik ERA-300;
Biotronik Inc., Berlin, Germany). The pacing thresh-
olds, sensing amplitudes of the atrial or ventricular
activities, and lead impedances were measured at 1
week, 1 month, 6 months, and 1 year after the
procedure.
Statistical Analysis
Data are expressed as mean SD. Student’s t-test
was used for comparing measured pacing and
Table 1 Study characteristics
Patients (n ¼ 68)
Age 71 10 years
Sex 44 males, 24 females
Pacemaker indication
Sick sinus syndrome 33
AV-block 21
AF with bradycardia 9
ICD indication
Ventricular tachycardia 5
Lead insulation
4471 polyurethane
4472 silicone
4473 silicone
Atrial lead position
septum 22
appendage 21
free wall 10
Ventricular lead position
mid-septum 25
apex (low-septum) 17
outﬂow tract (high-septum) 17
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sensing parameters. Statistical signiﬁcance was
assumed at p < 0:05.
Results
Right atrial leads
In the 53 patients with atrial pacing, the lead
position was at the right atrial septum (22 patients),
right atrial appendage (21 patients), or right atrial
free wall (10 patients). There were 16 patients
(30.2%) with an initial slightly high pacing threshold
between 1.0 and 2.0 volts (1:5 0:2 volts), including
6 patients with right atrial septum pacing, 5 patients
with right atrial appendage pacing, and 5 patients
with right atrial free wall pacing. In these 16
patients, the pacing threshold signiﬁcantly improved
after 5 minutes to a reasonable range (0:9 0:3
volts, p < 0:05). No pacing threshold rises were
observed after 5 minutes. The improved pacing
threshold remained stable for 1 year as follows:
0:7 0:3 volts after 1 week, 0:7 0:3 volts after 6
months, 0:8 0:3 volts after 1 year (Figure 1). There
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Figure 1
Decline in right atrial
pacing threshold was
observed 5 minutes after
screw-in and remained
stable for 1 year.
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Figure 2
No diﬀerence was ob-
served in P- and R-wave
amplitude during follow-
up period.
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was no signiﬁcant change observed in the P-wave
amplitude, which is as follows: 2:4 1:0mV at
baseline (Figure 2). Lead impedance did not change
after 5 minutes (479 78 ohm at baseline, 457 71
ohm after 5 minutes), but it did signiﬁcantly decrease
1 week after the procedure and remained stable
thereafter (425 81 ohm after 1 week, 426 71
ohm after 6 months, and 419 64 ohm after 1 year;
p < 0:05 each compared with baseline) (Figure 3).
There were no signiﬁcant diﬀerences in the measure-
ments of parameters among the lead positions.
Right ventricular leads
In the 59 patients with ventricular pacing, the lead
position was at the right ventricular mid-septum (25
patients), right ventricular apex (17 patients), or right
ventricular outﬂow tract (17 patients). There were 28
patients with an initial slightly high pacing threshold
between 1.0 and 2.0 volts (1:5 0:3 volts), including
13 patients with right ventricular mid-septum pacing,
7 patients with right ventricular apex pacing, and 8
patients with right ventricular outﬂow tract pacing.
The pacing thresholds signiﬁcantly improved after
5 minutes to a reasonable range (0:9 0:3 volts;
p < 0:05). No pacing threshold rises were observed
after 5 minutes. The improved pacing thresholds
remained stable for 1 year as follows: 0:8 0:2 volts
after 1 week, 0:7 0:2 volts after 6 months, and
0:8 0:2 volts after 1 year (Figure 4). There were no
signiﬁcant changes over time in the R-wave ampli-
tude, which was 8:4 3:2mV at baseline (Figure 2).
Lead impedance decreased signiﬁcantly after 5
minutes as follows: 631 126 ohm to 625 122
ohm, p < 0:05 (Figure 3). There were no signiﬁcant
diﬀerences in the measurements of parameters
among the lead positions.
Discussion
Main ﬁndings
1. Active-ﬁxation screw-in leads are associated
with high pacing thresholds initially. However,
an initial pacing threshold of <2:0 volts may be
acceptable because it can signiﬁcantly improve
within 5 minutes.
2. Rapid improvement of pacing thresholds re-
mained stable for 1 year and it was observed in
both right atrial and ventricular leads.
3. P- and R-wave amplitudes did not change
signiﬁcantly during the follow-up period.
4. Lead impedance decreased within 1 week after
the procedure and remained stable in both right
atrial and ventricular leads.
A trend toward increased use of active-ﬁxation
screw-in leads may be because of the following
advantages: rapid implantation; low dislodgement
rate; easy extraction; and ability to select any
pacing site.3–12) Using active-ﬁxation screw-in leads,
Bachmann bundle pacing could decrease the dis-
persion of atrial refractoriness and may lead to
reduction in the incidence of atrial ﬁbrillation.8) If
trans venous implantation via persistent left superior
vena cava is intended, it is recommended to use
active-ﬁxation screw-in leads with a suﬃcient length
so that a loop in the right atrium can be formed with
appropriate ﬁxation to the right ventricle.9) On the
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Figure 3
Decline in right atrial
lead impedance was ob-
served 1 week after
screw-in and decline in
right ventricular lead im-
pedance was observed 5
minutes after screw-in.
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other hand, although the incidence is low, mechan-
ical complications, including cardiac perfora-
tion,13,14) pericarditis,15) and pneumothorax,14) have
been reported. In pacemaker and ICD implantations,
unnecessary lead repositions may lead to prolonged
operation time and may increase the chance of
cardiac perforation or devise-related infection.
Therefore, it is clinically useful and valuable to
elucidate whether lead repositioning should be
considered when slightly high pacing thresholds
are measured after ﬁxation of screw-in leads. A
previous report demonstrated rapid and signiﬁcant
improvement of pacing thresholds within several
minutes after screw-in using active-ﬁxation screw-in
leads. These improved thresholds remained stable
for 8 weeks.2) The present study provides new
information on pacing thresholds measured after
implantation of active-ﬁxation screw-in leads with a
long-term follow-up period. We demonstrated that
the rapidly improved pacing thresholds can remain
stable and the values remained satisfactory for up
to 1 year after implantation. When initial pacing
threshold is slightly high, measuring the pacing
threshold again after 5 minutes is recommended
before considering lead repositioning. The precise
reason for the rapid improvement in the pacing
thresholds using active-ﬁxation screw-in leads is still
unknown. Such an improvement has not been
reported in patients using passive-ﬁxation tined
leads. The screw-in procedure is traumatic and
may induce tissue reactions around the elec-
trode.16,17) By inserting a screw-tip into the endocar-
dium, the direct local injury may induce focal
inﬂammation or intra cardiac bleeding which may
lead to an acute high pacing threshold just after
screw-in. Several minutes may be enough time to
stabilize the bleeding and acute injury to the
endocardium, leading to a decline in pacing thresh-
olds. In addition, excessive twisting of the lead body
by over-screwing might also raise the acute pacing
threshold because the electrode tip does not attach
ﬁrmly to the endocardial surface. Several minutes of
waiting also might improve the attachment of the
electrode tip and the endocardial surface, leading to
a decline in pacing thresholds.
Study limitations
First, there are many types of active-ﬁxation
screw-in leads, so the ﬁndings presented in this
study may not apply to other types of active-ﬁxation
screw-in leads. Second, this study was designed to
examine pacing parameters in patients with slightly
high pacing threshold initially (between 1.0 and 2.0
volts), but it did not include patients with a good
pacing threshold (<1:0 volts) or a higher pacing
threshold (>2:0 volts). We considered that an initial
pacing threshold higher than 2.0 volts was not
applicable for clinical cases. Therefore, it is un-
known whether the long-term stability of pacing
thresholds is achieved in all cases using active-
ﬁxation screw-in leads. Third, all intra operative
measurements were performed using the same
pacing system analyzer (Biotronik ERA-300). How-
ever, follow-up measurements after implantation
were performed using diﬀerent programmers for
each of the implanted device manufactures. This
discrepancy might inﬂuence the results.
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Figure 4
Decline in right ventricu-
lar pacing threshold was
observed 5 minutes after
screw-in and remained
stable for 1 year.
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Conclusions
Slightly high pacing thresholds just after screw-in
using active-ﬁxation screw-in leads improved rap-
idly and remained stable in the long term. An acute
pacing threshold of <2:0 volts immediately after
screw-in may be acceptable without lead reposition-
ing.
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